The selectivity of crystalline (H3O)8Nb22O59 for alkali metal ions was, based on a batch method, in the order of Li+>>K+>Na+, Rb+>>Cs+ in alkaline solutions and K+>>Na+, Rb+>>Li+, Cs+ in acidic solutions at pH<3.5. The column elution of a lithium chloride solution containing 236 and 72 mg dm-3 of Na+ and K+, respectively, through the niobate bed, caused extreme decreases of Na+ and K+ concentrations to less than 0.1 mg dm-3 up to 200 and above 400 bed volumes, respectively, with rarely change of the Li+ concentration. Fractionation of lithium isotopes with the niobate was also investigated by both the batch and column methods. It had a relatively high separation factor of 1.026. The column fractionation study showed that 7Li was enriched in the front part of the elution band and 6Li in the rear part, with the maximum and minimum 7Li/6Li ratios of 15.0 and 11.2, respectively.
Rb8Nb22O59, and demonstrated that the niobate can uptake only sodium and potassium ions from a matrix of lithium chloride solution by a batch method. [6] In the present study, we report purification of a lithium solution by chromatography with the niobate, and it is discussed with the result of the pH dependence of selectivity for alkali metal ions by batch experiments.
We also report lithium isotope selectivity of the niobate and chromatographic lithium isotope separation. Some inorganic ion-exchangers have been reported to have relatively high separation factors for lithium isotope, [7] [8] [9] [10] [11] [12] and the lithium isotope fractionation of ion-exchanger has been often discussed in relation to the affinity toward alkali metal ions. An ion-exchanger with high affinity to Li+ and/or Na+ tends to have a large S value. [7, 9, 10] From the unique ion exchange behavior of (H3O)8Nb22O59, we can expect that it shows high lithium isotope fractionation effect, since it has high affinity not only for K+ ions but also for Na+ ions. 
Distribution Coefficient (Kd)
100 mg of the ion-exchanger, (H3O)8Nb22O59, ground in an agate mortar was immersed in 10 cm3 of a mixed solution of 1 mM(M= mol dm-3) XCl and XOH (X = Li, Na, K, Rb, and Cs) with various ratio of Cl-/OH-.
After intermittent shaking for 2 days, the Kd values were calculated as:
Kd (cm3 g-1) = metal ion uptake (mmol g-1)
/ metal ion concentration (mmol cm-3 )
Each metal ion concentration in the supernatant solution was determined by atomic absorption spectrophotometry (AAS) using a AAnalyst 300 (Parkin Elmer Co. Ltd.). The metal ion uptake was calculated from the residual ion concentration of the solution. The pH of the solution after adsorption was measured by a pH meter. 
Lithium Isotopic Separation Factor (S)
The lithium isotopic separation factor, S, was measured by a batch method. where (7Li/6Li)solution and (7Li/6Li)solid are the lithium isotopic ratios in the solution and solid phases, respectively.
The (7Li/6Li)solid can be calculated from the lithium isotopic ratios and the lithium ion concentrations of the solution before and after the ion-exchange reaction. The lithium ion uptake was calculated from the residual ion concentration of the solution which was measured by AAS. The S value was actually calculated using the following equation:
where ao and Co are 7Li/6Li isotopic ratio and lithium ion concentration, respectively, before adsorption and a and C are those after adsorption. To determine the 7Li/6Li isotopic ratio by surface ionization mass spectrometry, the starting solution and the filtrate were converted to LiOH solution by passing through a column of anion-exchange resin (Amberlite CG-400, Organo Co. Ltd.), and then to LiI solution by addition of HI solution to the LiOH solution. The lithium isotopic ratio was measured using a VG336 with a wide flight tube (V.G. Co. Ltd.). The relative standard deviation of the 7Li/6Li measurement was less than 0.11 %. hardly in the lower part. Conversely, the Na+ ions are exchanged rarely in the upper part and mainly on the lower part. These results indicate that the K+ ions are exchanged preferably to both the lattice protons and Na+ ions, and the exchanged Na+ ions are excluded from the site by Na+/K+ exchange. The excluded Na+ ions may be exchangeable to the lattice protons just below the K+ adsorption band. Table 2 Na+ and K+ contents of niobate after the chromatographic operation.
Fractionation Property for Lithium Isotopes
Lithium uptakes and isotopic separation factors for the ion exchanger, (H3O)8Nb22O59, are given in Table 3 . The lithium uptake increased with a decrease of the amount of immersed niobate on the batch experiment. The S values are 1.017-1.026, depending on Li+ uptake. All of the S values are larger than 1, similar to those of inorganic ion-exchangers so far reported. [7] [8] [9] [10] [11] [12] Thus the lighter isotope, 6Li, is preferentially taken up on (H3O)8Nb22O59, and the heavier isotope, 7Li, is enriched in solution phase. Table 3 Lithium isotopic separation factors.
The lithium isotope selectivity of an ion-exchanger has been often explained from a correlation with affinity toward alkali metal ions: an ion-exchanger with high affinity to Li+ and/or Na+ tends to have a large S value. [7, 9, 10] For instance, monoclinic antimonic acid with a large S value of 1.020 has high affinity for Li+. [8] Cubic antimonic acid with a large S value of 1.024 has high affinity for Na+ and low for Li+ and K+. [9] Zirconium phosphate with a NASICON structure has relatively large S value, with high affinity for Li+ and Nat, and low for K+. [10, 11] The The elementary separation factor, S', can be estimated from the lithium concentration profile and isotopic ratios in Figure 2 using the following equation: [13] S'=1+ ‡"|Ri-R0|fi/QR0 (1-R0) where R0 and Ri are the isotopic mole fractions of 6Li in the inflow and the ith effluent fraction, respectively.; j the amount of lithium in the ith fraction.; Q the total exchange capacity of the niobate. The summation is taken over all the fractions where 6Li were enriched or depleted. The Q value was evaluated as 59 mmol from the experimental value of ion-exchange capacity, 0.84 mmol g-1, which was determined using a 0.05 M CH3COOLi
solution. The S' value was calculated from the front part of the elution curves, assuming that the 7Li/6Li ratio varies linearly between observed values. The S' value was 1.0047; this was much smaller than that of batch experiment given in Table 3 , as in the case of a-titanium phosphate granulated with polyvinyl chloride. [14] The reason may be that the actual Q value during the elution is much smaller than that derived from the ion exchange capacity, because the ion exchange capacity estimated from the pH titration curve is markedly small in the present elution condition (0.1 M HNO3 
